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"BACTERIOCINS" 

The present invention relates to a novel anti-microbial agent, more particularly, a novel bacteriocin 
with nisin-like properties. 
Recent years have seen major advances in the development of microbial metabolites with 
5 antagonistic activities towards spoilage and pathogenic micro-organisms associated with food 
Although, there now exists in excess of seven thousand known antibiotic compounds of microbial 
origin, very few have been evaluated for food use. The danger exists that antibiotic-resistant 
microorganisms of clinical importance will appear with repeated exposure to antibiotics in food, thus 
compromising die clinical usefulness of the antibiotics (although, of course, clinically important 
1 0 antibiotics are not used for food applications). Additionally, consumer emphasis is now on 

minimally processed foods which are natural and preservative free Because of tins considerable and 
justifiable resistance to the use of chemical additives and antibiotics as food preservatives, other 
biological inhibitors produced by microorganisms are currently being investigated for use in foods 
Of particular interest are those inhibitory substances produced bv the Lactic Acid Bacteria (LAB) 
1 5 xvhich include hydrogen peroxide, diacetyl. bactcriocins. as well as secondary reaction products such 
as Inpothiocyanite. Bacteriocins are potentially very attractive natural preservatives as they arc 
produced as normal by-products of microbial metabolism The LAB are industrially important 
microorganisms and include the genera Laciococcus. Streptococcus. Pediococcus. Leuconus/oc. 
Lactobacilli: and Camobaciemim. They liave been used for the production of fermented foods 
20 which have been consumed safely for hundreds of years Given their status as "safe" organisms, 
they are a particularly suitable source for natural antimicrobials such as bactcriocins for use in 
foods 

In 1925. the first prototype bacteriocin was discovered by Gratia ei al from a strain of 
Escherchta coli. Bacteriocins are always proteins which can be broad or narrow spectrum and arc 

25 not lethal to the cells which produce them. Bacteria protect themselves from the lethal effects of 

their own bacteriocins by such mechanisms as post-translational modification or the production of an 
immunity protein(s). In any case, bacteriocins are potent antibacterial substances produced by a 
large and diverse assortment of species. They form a heterogeneous group with respect to their 
producer, inhibitory spectrum, mode of action and chemical properties There are four distinct 

30 classes of LAB bacteriocins > 

A Lanubiotics - small peptides of less than 5 kDa which contain unusual amino acids such as 
lanthionine. C-methyllanthionine and dehydrated residue, e.g. nisin. lacticin 481. camocin U149 and 
lactocin S. 

B Non-Lanthionine containing Peptides - small peptides of 10 kDa or less and can be subdivided as 
35 follows: (i) Ltsteria-zciive peptides e.g. Pediocin PA-1 and Sakacin A. (ii) Poration complexes 
consisting of two protemaceous peptides e.g. Lactacin F (in) Thiol-activated peptides requiring 

1 
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reduced cysteine residues for activity e.g. Lactococcin B. 

C. Large Heat-Labile Proteins - larger proteins, generally having a molecular weight greater than 
31 kDae g Helvetian V-1829 

D. Complex Bactenocins - composed of a protein with one or more chemical moieties which may 
5 be of a lipid or carbohydrate nature e.g. Pediocm SJ-I 

Lactococci are widely used as starter cultures in the dairy industry and several strains of dairv 
species can produce bactenocins L. lactis subspecies can produce diplococcin. lactococcin. 
lactostrepcins or nisin. Diplococcin and lactococcms are small molecular weight proteins, active 
against other lactococci while nisin is a lantibiotic with a broad spectrum of activity against mam 

1 0 Gram positive bacteria 

Nisin is the most extensively characterised bactenocin of the antimicrobial proteins produced bv 
LAB and has found widespread application in the food industry Nisin was the first "antibiotic" 
compound to be used on a commercial scale in the food industry It is used to prevent spore 
outgrowth and toxin production by Clostridium dominium in processed cheese and cheese spreads 

15 In some countries, it has been used to extend the shelf-life of dairy products and to prevent the 
spoilage of canned foods by thermophiles 

Nisin is a pentacyclic. subt>pe A lantibiotic and it displays an ainphipathic character, with a 
hydrophobic residue (He) at its N-termums and a hydrophilic residue (Lys) at its C-terminus It is a 
peptide of 34 amino acids and is inactivated by proteases including chymotrypsin. pancrcatin and 

20 subtilopeptidase. It is insensitive to carboxypeptidasc A. elastase. ercpsin. pepsin and trypsin. It 

contains one lanthiomne residue, four B-methyltandiionines. a dchydroalantnc and a dchydrobutyrine 
The thioethcr amino acids, (lanthtonine and Q-methyllanthiomne) account for the high sulphur 
content of nisin The unusual amino acid residues are thought to be responsible for the important 
functional properties of nisin e.g. the associated acid tolerance and thermostable properties of nisin 

25 are attributed to the stable thioethcr linkages while the specific bactericidal activity is thought to be 
due to the very reactive double bonds. Nisin has a molecular mass of 3 .5 kDa (Gross & Morell. 
1971) and often forms doners and oligomers. 

Nisin has a very broad spectrum of activity against Gram positive vegetative bacterial cells The 
closely related lactococci are especially sensitive but nisin is also inhibitory to several strains of 

30 bacilli and Clostridia (particularly their spores), lactobacilli. leuconostocs. micrococci, pediococci. 
streptococci and actinonycetes. Other sensitive strains include Mycobacterium tuberculosis. 
Staphylococcus pyogenes. S. aureus t S. epidermidis and Listeria monocytogenes (De Vuyst & 
Vandamme, 1994). Nisin does not display activity against Gram negative bacteria, except for three 
Neisseria strains (Mattick & Hirsch. 1947) and three Flavobacter strains (Ogden & Tubb. 1985). 

35 nor does it inhibit yeasts or viruses. However. Salmonella subspecies and other Gram negative 

bacteria can be made sensitive by using a chelating agent in combination with nisin (Stevens et ai . 
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1992). The site of action of nisin appears to be the cytoplasmic membrane. The outer membrane of 
Gram negative bacteria is thought to exclude the bactenocin making contact with the c\topiasinic 
membrane. Hence, by incorporating a chelating agent such as EDTA with msin r the structure of the 
outer membrane undergoes alteration, resulting in destabilization of the lipopolysaccharide (LPS) 
5 layer with a corresponding increase in cell permeability. Binding of the bactenocin to the membrane 
leads to the aggregation of similar peptides, thus initiating oligomerization Such aggregates adopt a 
transmembrane orientation so that the hydrophobic ponion is exposed to the core of the membrane 
and the hydrophilic part forms the aqueous channel. Membrane insertion, pore formation, (both of 
which require a transmembrane potential) and subsequent depolarization leads to the efflux of small 

10 cellular constituents and destruction of energy metabolism of the cell (Ruhr & Salil. 1985). This 
results in a deficiency of metabolic intermediates and hence, inhibition of synthesis of DNA. RN A. 
proteins and polysaccharides There appears to be a separate mechanism for the prevention of spore 
outgrowth. Unlike vegetative cells, bacterial spores never lyse when treated with nism. The dt hydro 
residues of nisin provide possible covalcnt attachment sites for membrane sulfhydryl groups. Hiese 

15 residues appear to have no such role in membrane pore formation (Morris et al . 1984) 

Nisin is encoded by a conjugative transposon which can insert into either plasmid ONA or 
chromosomal DNA (Horn et ai. 1991) Analysis of the nisin opcron indicates that the nisin 
structural gene, as well as the genes required for processing and maturation arc clustered over a 
polycistronic region exceeding 8 5 kb. (Stecn et at.. 1991). 

20 Nisin has certain disadvantages for industrial application, one being that resistance to the 

bactenocin can frequently occur. For example there is a nisin resistance gene (as opposed to an 
immunity gene) on die conjugative lactococcal plasmid pNP40 Its second disadvantage is lhat 
msin-producing strains are generally not good acid producers, arc phage sensitive and are ™ 
•lon-proteolytic and therefore are not efficient cheese starter cultures 

25 It is an object of the present invention to provide a bacteriocin suitable for food use. particularly 
one which has a broad spectrum of inhibition and for which there is no detectable spontaneous 
resistance diereto. A further object is to provide bactenocin encoding genc(s) w hich may be more 
easily conjugally mobilized than the nisin-encoding gene 
It is also an object to provide bactenocin encoding genets) which may be easily conjugally 

30 mobilised along with genes which may be attached to them. It is a further object to provide 

bactenoc in-encoding gene(s) which are not linked to lactose catabolism genes There is a further 
object to provide bactenocin-producing strains which are effective cheese starters. A further object 
of the invention is to provide phage resistance genes, particularly such genes linked to 
bacteriocin-encoding genes 

35 According to the present invention there is provided a bacteriocin characterised by 

a molecular weight of approximately 2.8 kDa. inhibiting activity against lactococci. lactobacilli. 
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enterococci. bacilli. leuconostocs. pediococci. Clostridia, straphylococci and streptococci, sensitivity 
to the proteases trypsin, alpha-chymotrypsin. proteinase K and pronase E but not pepsin, 
heat-stability, activity at acid pH. and the capability of inhibiting nisin-producing bacterial strains. 
The bacteriocin is designated lacticin 3 147 The bactenocin lacticin 3 147-encoding gene does not 
5 cross-hybridise with the msin-encodmg gene. 

The invention also relates to L laais DPC3 147 strain as deposited at the National Collection of 
Industrial and Marine Bacteria. Aberdeen. Scotland, on 1 1th April 1995 under the Accession No 
NCIMB 40716 This strain produces the bacteriocin lacticin 3 147 
"Pie present invention also provides a 63 kDa plasmid encoding the bacteriocin as defined above 
10 The plasmid may be the plasmid pMRCO I which encodes the novel bacteriocin designated lacticin 
3 147 and lacticin 3 147 immunity genes, as deposited in the National Collect.on of Industrial and 
Manne Bacteria. Aberdeen. Scotland on 1 1th April 1995 under the Accession Number NCIMB 
40716 

Furthermore, the invention provides isolated genes for the production of. and immunity to. lacticin 

15 3 147 as deposited in the plasmid pMRCO I above 

The present invention also relates to the use of lacticin 3 1 47 or a lacticin 3147 producing host in 
the treatment of mastitis in cattle, to prevent clostridial spoilage in cheese, as a food preservative in 
pasteurised cheeses and cheese spreads, as a shelf-life extender m milk and milk products, in the 
production of alcoholic beverages particularly in the brewing industry , in vegetable fermentations, by 

20 incorporation into canned foods and in meat preservation Additional uses include incorporation into 
oral healthcare products such as toothpaste and mouthwashes and in cosmetic treatments for acne 
The bacteriocin may be used against Gram negative bacteria which have been treated with chelating 
agents 

The invention also relates to the use of a plasmid or a gene(s) encoding the lacticin 3 147 
25 bacteriocin to confer bacteriocin producing properties on a host such as a bacterium particularly a 
cheese-starter culture The invention also provides a host such as a bacterium containing a plasmid 
or a gene(s) as defined above, encoding lacticin 3 147 The invention also provides a method of 
producing lacticin 3 147 comprising cultunng a bacterium containing lacticin 3 147-encoding gene(s) 
and isolating lacticin 3 147 from tlie culture, and a method of conferring lacticin 3 147-producing 
30 properties on a host such as a bacterium, comprising introducing and expressing in the host a 
plasmid or gene(s) as defined above encoding lacticin 3 147. 

The invention also relates to a food-grade genetic marker system comprising genes for immunity to 
lacticin 3 147 as encoded by plasmid pMRCOl. The genetic determinants which encode lacticin 
3 147 immunity may be introduced into a bacterial strain together with any desirable gene(s) which 
35 have been linked to them A bacterial cell which has received the genes can be selected from the 

general population of cells by plating on medium containing lacticin 3147. since cells containing the 

4 
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iacticm 3 147 immunity genes will be able to grow in this environment. Given that spontaneous 
resistance to Iacticm 3 147 occurs at a low frequency in lactococcal strains (undetectable for some 
strains) this marker system should provide all die advantages of well known antibiotics such as 
Ampicillin and Enthromycin with none of the negative clinical associations. Since these 3 147 genes 
5 have originated from a GRAS organism they are considered to be Food Grade. 

The invention also provides phage resistance gene(s). particularly gene(s) encoding total resistance 
to the small isometric-headed phage 712 and burst size limitation for the prolate-headed phage c2 
The phage resistance gene(s) may be encoded by the plasmid pMRCOL deposited as described 
above. 

10 Further the invention relates to a host such as a bacterium containing a plasmid or gene(s) as 

defined above encoding phage resistance. Also provided is a method of conferring phage resistance 
on a host such as a bacterium and particularly a cheese starter culture, comprising introducing and 
expressing therein a plasmid or gcne<s) as defined above encoding phage resistance The invention 
also relates to the use of a plasmid or phage resistance gene(s) to confer phage resistance on a host 

1 5 such as a bacterium, particularly a cheese-starter culture 

In a further aspect the invention provides L. lactis strain DPC2949 as deposited at the National - 
Collection of Industrial and Marine Bacteria. Aberdeen. Scotland on 1 1th April 1995 under the 
Accession No NC1MB 407 15. the bacterium-encoding gene(s) thereof and the bactenocm produced 
thereby The invention also relates to methods of preventing late gas-blowing or of controlling 

20 non-starter lactic acid bacteria in Cheddar cheese production comprising either the addition of ~ 
lactis DPC2949 or the bactenocin produced thereby to the initial cheese starter culture 

The invention also provides bactenocin-cncoding genes, bactenocm immunity genes, phage 
resistance genes, plasmids and strains substantially homologous to those defined above also encoding 
bactenocm production and immunity and phage resistance. Such homologous genes, plasmtds and 

25 strains arise because of the degeneracy of the genetic code, the possibility of replacing one 
amino-acid widi another w ithout affecting the funtional characteristics of a protein and the 
possibility of deleting a non-essential portion of a gene or anuno-acid sequence while still producing 
a functional end-product. The invention also provides genes as defined above linked to other DN A 
sequences. 

30 Since the biological activity of the bactenocm of the present invention is similar to that of nisin. it 
could be used for similar applications. Unlike Northern Europe, many fermented dairy products in 
Southern Europe are still being made using traditional methods without the use of commercial 
starters. One source of these strains in Ireland is Buttermilk plants commonly used by Irish 
housewives in the sounng of bread for breadmakmg. These Buttermilk plants, also known as kefir 

35 grains, are creamy white in colour and resemble cauliflower florets. They are resilient and difficult 
to break up due to the presence of kefir in. a water soluble polysaccharide produced by the 
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lactobacilli in the plant. They are composed of lactococci. leuconostocs. lactobacilli. yeasts and 
acetic acid bacteria which are held together in a matrix and are recoverable at the end of the 
fermentation process as a solid mass. Some isolates produce a bactenocin which may be important 
in maintaining the integrity of the grain as it is assumed that all other organisms in the grain are 
5 resistant to it (Rea & Cogan. 1994). 

The present invention will now be described in greater detail with reference to the accompanying 
drawings in which - 

Figure 1. Cross-Sensitivity Study a L. tactis DPC3147; b. NCD0496: c DPC2949; d 
DPC3220; e. DPC33( 1 ) were grown on GM 1 7 agar plates and subsequently overlaid with A 
1 0 DPC3 147 and B NCD0496 Zones where no growth has occurred indicate inhibition of the 
indicator due to bacteriocin(s) produced by the producer 

Figure 2 Protease Sensitivity Assay. Filtered cell-free bactenocin solution and enzyme solution (A 
represents control, no enzyme. B. alpha-chymotrypsin: C. trypsin: D. pronase E and E represents 
proteinase K) were spotted 1 cm apart on GM17 agar plates and subsequently overlaid w.th the 

15 indicator L. lactis strain HP. 

Figure 3 Polymerase Chain Reaction The 166 bp PCR amplified fragment from genomic DNA 
isolated from L. lactis NCD0496 is indicated in lane I No amplified products arc cv.dcnt where 
DNA isolated from strains DPC3I47. MG1614. and DPC2949 were used as templates Lane 3 
corresponds to DNA molecular weight markers. 

20 Figure 4 DNA Hybridization. Hind III restricted genome DNA from L locus DPC3 147. 

MGI614. and NCD0496 is shown in lanes 1.2 and 3 respectively Lane 4 corresponds to DNA 
molecular weight markers The ms A gene probe, hybridized «o a 3 5 kb fragment on the NCD0496 
genome (lane 3') No hybridizing DNA is observed in DNA isolated from DPC3 147 (lane | ) or from 
MG16I4 (lane 2) 

25 Figure 5 Growth of L. iaais DPC3147 in GM 1 7 and TYT30 media 

Figure 6 Effect of heating at 6<TC to 12 TC for 10 minutes on the stability of lact.cui 3 147 at pH5. 
pH7. pH9 1 00% activity is the activity at pH 5. 7 and 9 with no heating 

Figure 7 Overlaid SDS-PAGE gel Preparations of lacticin 3147 (A. lancs 2._3 and 4: B lane 2) 
and of lactococcm A (B lane 3) were elect rophoresed on a 10% SDS-PAGE gel This was overlaid 

30 with an active culture of L. lactis HP. Inhibition of the indicator is seen as zones in the indicator 
lawn. Molecular weight markers (2.5 kDa to 17 kDa) are indicated in A lane 1 . 
Figure 8. Analysis of the plasmid complements of a putative transconjugant (lane 2) obtained from 
a mating between L. lactis DPC3 1 47 (lane I ) and the plasmid-free strain MG 1 6 1 4 The 
transconjugants contain a 63 kDa plasmid acquired from the DPC3 147 donor which is not evident in 

35 the plasmid-free MG 1614 strain . 

Figure 9 pH profiles during Cheddar cheese manufacture using die DPC3 147 strain as cheese 

6 
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starter. 

Figure 10. Growth of starter and NSLAB during ripening of Cheddar cheese using the DPC3 147 
strain as cheese starter. 

Figure 1 1 . pH profiles during Cheddar cheese manufacture using a transconjugant of strain 303 
5 which produces lacticm 3 1 47 as cheese starter. 

Figure 12. Growth of starrer and NSLAB during ripening of Cheddar cheese using a transconjugant 
of strain 303 which produces lacticin 3 147 as cheese starter. 

Figure 13 A. Residual Lacticin 3 147 activities in Cheddar cheese made with bactcnocin-producing 
strains (DPC3147, DPC3256 and DPC3204) sampled after 2 weeks. 4 months and 6 months The 
10 commercial strainDPC4268 was used as the control starter. 

Figure 13B. Residual lacticin 3 147 activity in Cheddar cheese made with the bactenocin-producing 
transconjugant DPC4275 Again. DPC4268 was used as the control 

Figure 14A Antimicrobial effectiveness of lacticin 3147 requires the presence of Tueen AU/i.iI) 
lias been added 

15 Figure 14B Effect of adding lacticin 3 147 (10.240 AU/ml) to stationary cells of Streptococcus 
dysgalactiae. 
Materials and Methods 

A complete list of strains, their growth media and temperature of incubation used throughout this 
study is included in Table 1 Both L locus DPC3147 and DPC3220 were isolated from kefir grams. 

20 whereas L lactis strains NCD04y6 and NCD0497, known nisin producers, were obtained from the 
National Collection of Dairy Organisms (NCDO), National Institute for Research and Dairying. 
Shinfield. Reading, Berkshire. RG2 9AT. England. The source of each of the indicator organisms 
tested are also listed in Table I L lactts cells were routinely propagated at 30 C in M 17 (Difco 
laboratories. Detroit. USA) supplemented with 0.5% glucose or lactose Other media used in this 

25 itudy. as indicated in Table 1. include MRS (Difco Laboratories). BHI (Oxoid Ltd . Hampshire. 
England). TYP (Tryptone 16 g/l. Yeast Extract 16 g/l, NaCl 2.5 g/l. K.HPOa 2.5 g/l). TYT30 
(Tryptone 2.5 g/L Yeast Extract 5 g/l. Tween 20 1 g/l, Glucose 10 g/l. B-uiyccrophosphate 19 g/l. 
MgS0 4 7H : 0. 0.25 g/l, MnSCMH 2 0 0.05 g/l), TSA, (Becton Dickinson Microbiology Systems. 
Maryland. USA), Baird-Parker media (Merck, Darmstadt, Germany): RSM (Reconstituted Skim 

3 0 Milk) and pasteurized whole milk 

To test the sensitivity' of a strain to DPC3 147, to L, lactis NCD0496 and to L. lacfis DPC3220. 10 
|il aliquots of a fresh overnight culture of each were first spotted on GM 17 agar plates and incubated 
overnight at 30°C These plates were then gently overlaid with 3 ml of soft agar seeded with 100 *il 
of the test strain, so as not to disturb the grown producer. The sensitivity of a strain to each 

3 5 bacteriocin producer was scored according to the diameter of the zone of inhibition surrounding that 
producer The scoring system adopted is as follows: 0 to I mm (-); 1 to 5 mm (+); 5 tc 15 mm (++); 

7 
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over 15 mm (+++). Ail strains were stocked in 40% glycerol and stored at -80"C Working cultures 
were stored at 5°C and transferred periodically. 

Plates containing bactenocin were prepared as follows A cell-free, sterile bactenocm solution was 
obtained from an overnight culture of L lactis DPC3 147 grown in GM 17 by first centrifugmg at 
5 8000g (Sorvall RC-5B) for 10 min. The resulting supernatant was then sterilized by filtering with 
Millipore HVLP filters (0.45 urn) and tempered to 45°C. An equal volume was then added to double 
strength GM 1 7 and the plates were poured. Where needed, streptomycin was added to agar at a 
concentration of 500 ug/ml. 
To identify lactose metabolizing bacteria. Lactose Indicator Agar (LIA) was used (Trypione 20 g/l. 
10 Yeast Extract 5 gfl Lactose 10 g/L NaCI 4 g/L Sodium Acetate-anhydrous 1 .5 g/L Ascorbic Acid 
0.5 g/L Gelatin 2.5 g/l. Bromocresol Purple (0 004%). Agar Bacteriological 15 g/l. Sucrose 
Indicator Agar plates were prepared similarly except that sucrose was substituted for lactose as the 
carbon source 

Measurement of Bacteriocin Activity:- Bactenocin activity was estimated using an attar 
1 5 wcll-diffijston assay essentially as described in Parente and Hill (1992) In the agar well diffusion 
assay, molten agar (GM 17 for lactococci) was cooled to 48"C and inoculated with overnight cultures 
of the appropriate indicator strain (200 ul in 25 ml agar) The inoculated medium was rapidly 
dispensed in sterile Petn-dishcs and. after solidification, dried for 30 mm under a laminar flow hood 
Wells of a uniform diameter were bored in the agar and sealed with 15 ul of tempered soft agar 
20 Sterile culture supernatant fluids (50 uJ) were then dispensed in the wells and the plates were 

incubated overnight at 30X. These cell-free solutions of the bactenocin were obtained as above 
The difference between the area of the zone of inhibition (in mnr) and the area of the well was 
measured to estimate bactenocin activity 

Protease Sensitivity Assays:- The following enzymes were dissolved tn sterile distilled H : 0 (SDW) 
25 to a final concentration of 50 nig/ml : Trypsin (type II. Sigma Chemical Co.. Poole. Dorset. 

England), alpha-chymotrvpsin (type II. Sigma). Proteinase K (Sigma). Pronasc E (type XIV. 

Sigma). Catalase (Sigma). Pepsin was dissolved in 0.02N HCL also to a final concentration of 50 

mg/ml. All enzyme solutions were filter sterilised using disposable filters (Rotrand/Red nm 0 2 urn. 

Schleicher & Schueil) 20 uJ aliquots of filtered cell-free bactenocin solution and 20 ul of each 
30 enzyme solution were spotted 1 cm apart on GM 1 7 agar plates and dried for 30 min. All plates were 

incubated overnight at 30°C. The plates move subsequently overlaid with the indicator organism 

Growth of the producer was evident as a zone of inhibition. Controls included plates with spots of 

either bacteriocin solution or enzyme solution. 

Effect of pH and temperature on bacteriocin stability:- A cell-free bacteriocin was exposed to 
35 various pH/temperature treatments. Samples were heated to 60. 70, 80, 90, 100, 1 10 and 1 2 PC at 
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pH5. pH7 and pH9 for 10 min. Following treatment all solutions were rapidly cooled and 
bacteriocin activity was assayed by the well diffusion method. 

Estimation of Molecular Weight:- Samples containing 3 1 47 bacteriocin were loaded on urea-SDS 
polyacryiamid? gels, prepared as described by Swank and Munkres (1971). Molecular weight 
5 markers for peptides ranging from 2.5 to 1 7 kDa (Sigma) were used as a standard A sample of 
iactococcin was also included on the gel as another indicator of molecular weight. After 
electrophoresis at 22 mA for 16 h the gels were divided. One half containing the sample and 
molecular weight markers was stained according to procedures as recommended by the 
manufacturers (HoefTer Scientific Instruments). Tins essentially involved staining overnight with 
10 0.1 25% Coomassie Brilliant Blue R250 stain. The following day. the gel was destained with 
"Destain Solution 1" [Methanol 50% (v/v). Acetic Acid 10% (v/v)| for 5 h and then placed in 
"Destain Solution 2 M (Methanol 5% (v/v). Acetic Acid 7% (v/v)|. The other half of the gel was fixed 
immediately for 2 h in a solution of 20% (v/v) isopropanoi and 10% (v/v) acetic acid It was then 
washed in several volumes of dcionised water for 4 to 6 h The gel was placed in a large sterile glass 
15 Petn-dish and overlaid with 30 ml of soft tempered agar seeded with 800 ul indicator strain The 
plate was incubated overnight at 30"C and examined for a zone of inhibition (Bhuiua */ al, 1987) 
Isolation of DNA:- Plasmid DNA from lactococci was isolated by the Anderson & McKay method 
(1983) as follows Actively growing lactococcal cells were collected as with the previous method by 
centnfugation for 5 sec. The pelleted cells were then resuspended in 379 jii of solution containing 
20 6 7% sucrose. 50 mM Tris. I mM EDTA (pH8) and heated to 37'C Lysozymc (Sigma), dissolved 
in 25 mM Tns pH8 was added (96.5 jal). and incubated at 37°C for 5 mm 48 2 ul 0 25 M EDTA. 
50 mM Tris pH8 was then mixed in by gentle vortexing. followed by addition of 27.6 \x\ of the lysis 
solution (20% SDS. 50 mM Tns. 20 mM EDTA pH8) The resulting mixture was then incubated 
for 5 to 10 mm at 37°C to complete lysis after which it was completely clear The 1\ sate was 
25 rigorously vortexed for 30 sec and 3 N NaOH (27.6 uJ) added. Tins was mixed in gently by 

inversion for 10 min. after which. 49 6 \A of 2 M Tns pH7 was added Tins was mixed for a further 
3 min by inversion 71 .7 ul of 5 M NaCl was then added and the resulting mixture vortexed Tins 
was extracted once with phenol and once with chloroform isoamyl alcohol (24: 1) The DNA was 
then precipitated on addition of 600 ul isopropanoi. Following centrifugation for 10 mm. the 
30 precipitated DNA was washed once in 70% ethanol. dried and resuspended in 30 ul SDW. ail of 
which was then loaded on the gel. 

.Genomic DNA was extracted from lactococci according to a modification of the method outlined 
by Hoffman & Winston (1987) which uses shearing with glass beads to lyse the cells. The strains 
from which DNA was extracted were grown overnight in 5 ml volumes of die appropriate medium 
35 The cells were collected by centrifuging 2 ml volumes of the cultures for 5 sec The supernatant was 
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discarded and the remaining pellet was vortexed briefly The cells were resuspended in 0.2 mi of 
sterile "Extraction Solution" which consists of 2% Triton X 10U. 1% SDS. 1 00 mM NaCl. 10 mM 
Tris (pH8) and 1 mM EDTA Phenol-chloroform (0.2 ml) was then added, followed by 0.3 g of 
acid-washed glass beads of diameter 0 45 to 0,52 mm (Sigma). The suspension was vigorously 
5 vortexed for 2 mm and then microcentrifuged for 5 min. The resulting upper aqueous phase was 
gently transferred into a sterile micro-centrifuge tube to which 20 ul of 3 M sodium acetate was 
added After a gentle vortex. 600 pi absolute ethanol (-20°C) was added and the mixed suspension 
ccntrifuged for 10 min. Then the pellet was washed in 70% alcohol, dried and finally resuspended in 
50 fal SDW. To estimate DNA concentration, a 5 pJ sample was electrophoresed on a 0 7% agarose 
10 gel with ethidium bromide staining Altemativelv. lactococcal genomic DNA was isolated bv a 
modification of the Anderson & McKay procedure This was performed identically to the method 
outlined above except that the alkaline denaturation step was omitted 

Polymerase Chain Reaction:- Amplification of lactococcal DNA was performed bv the following 
method using a Perkin Elmer DNA Thermal Cvclcr PCR reactions of 100 ul were set up which 

15 contained one-tenth volume I OX buffer (Bioline). 5 mM MgCI : . 200 u.M of each of the dNTPs. I 
HM of pnmer(s) and 1.25 units of Taq DNA poI\Tncrasc After overlaying each tube with 100 \x\ 
sterilised paraffin oil. I liI DNA (isolated as previously described) was added to the reaction The 
Taq enz\ mc was added during the first temperature cycle ("Hot Start") and the DNA was amplified 
for 35 cycles Each cycle involved 1 min denaturation at 93°C. followed bv an annealing step at 

20 55°C for 1 min and an extension step of 72X for I min Of the final reaction mixture. 10% was 
analyzed on ! 8% (w/v) agarose (Sigina) gels with ethidium bromide staining 
Restriction of DNA:- The isolated genomic DNA from the three L. Incus strains. DPC3 147 
(lacticin 3 147 producer). MG 1614 (Bac ) and NCD0496 (nism producer) were restricted with Hind 
III enzyme Restrictions were carried out in I0X "Cuts-All" buffer containing 200 mM Tris-HCI 

25 (pH7.5). 70 mM MgCk I MKC1 and 20 mM fl-mercaptoethanoi and the entire reaction mix was 
incubated overnight at 37T. The DNA samples were am on a 1 8%<w/v) agarose gel at 25V 
overnight The DNA fingerprint thus obtained, was examined under ultra-violet light to ensure that 
sufficient DNA had been restricted before proceeding to the next step 

Southern Blotting:- After electrophoresis, the restricted DNA was transferred to a H> bond N* 
30 nylon membrane by capillary blotting The procedure used was that described by Maniatis et al. 
(1989) Initially, the gel was soaked for 10 min in several volumes of 0.2 N HC1 and rinsed briefly 
in.deionised water The DNA was then denatured by soaking the gel for 45 min in several volumes 
of 1 .5 M NaCL 0.5 N NaOH with constant gentle agitation. Again, the gel was rinsed in deionised 
water To neutralise the gel. it was soaked twice in 1 M Tris (pH7 4) T 15 M NaCl for 30 min with 
35 gentle agitation After neutralisation, the DNA was transferred to a Hybond hT nylon membrane by 
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capillars action. The membrane, which had been previously immersed in I OX SSC transfer buffer 
(NaCI 87.65 g/l, sodium citrate pH7 0 44. 1 g/I) for 5 nun was placed directly over the gel and 
transfer was allowed proceed for 24 h. After this time, the membrane was removed, dried and baked 
for 2 hat 80°C 

5 Hybridization:- Hybridizations were performed according to the "Enhanced Chemiluminescence" 
ECL Gene Detection System in a Techne Hybridiser HB-l All hybridizations were carried out at 
42°C as suggested by the manufacturer. The nylon membrane containing the transferred DN A was 
placed in hybridization buffer (supplied with the ECL kit) at 42°C and a pre-hybridization was 
carried out for 15 min. The labelled DNA probe was then added and incubation was allowed to 

10 proceed overnight at 42 U C. The membrane was then removed from the hybridization solution and 
washed twice at 42°C for 20 min with primary wash buffer which consists of Urea 36% (w/v). SDS 
0 4% (w/v) and 20X SSC 2.5% (v/v). It was then washed for 5 min at room temperature in 
secondary wash buffer i.e. 20X SSC 10% (v/v) 
Amplified DNA (20fil) from L lacns NCD0496 was run on a 0 6% (w/v) low melting point Sea 

15 Plaque Agarose (FMC) gel The 166 bp msin probe DNA amplified from NCD0496 DNA was 
carefully cut from the gel Labelling this DNA was achieved as follows. 20^1 DNA labelling 
reagent w as added to an equivalent volume of cooled to 3TC denatured DNA and mixed thoroughK 
20|il glutaraldehyde solution was then added and the mixture was incubated for 10 mm at 3TC - 
Labelling reagent and glutaraldehyde solutions were both supplied with the ECL kit Detection of 

20 hybridization signals was performed according to the manufacturers recommendations 

Conjugation:- Conjugations were performed as follows A conjugal mating was set up using L 
lactis DPC3 147 (bac*. bac\ strep*) as the donor strain and the plasmid free strain MG 1614 (bac . 
bac\ strep r ) as the recipient Both strains were grown to mid-log phase {OD^.cm.0.5 to 1) The 
OPC3147 strain was cultivated in GM17 containing pronase E (50 mg/ml). while MG1614 was 

25 grown in GM17 supplemented with streptomycin (500 ng/ml). I ml aliquots of these cultures were 
then centrifuged in a microfijge for 30 sec and the resultant pellets were washed once in I mi 
volumes of GM 1 7. The pellets obtained were resuspended in 25 fil GM 1 7 mixed and spotted on a 
non-selective GM 17 agar plate. Donor and recipient controls were prepared in a similar manner 
Following overnight incubation at 30°C. the cultures were resuspended in GM 17 broth supplemented 

30 with 40% glycerol for long-term storage at -80°C. A serial dilution was carried out on an aliquot of 
the mating mix which was then plated on selective media. The conjugation frequency was estimated 
as die number of transconjugants (appearing on selection plates) divided by the number of donor 
cells. Putative transconjugants were checked for lactose metabolizing activity by streaking on L1A 
plates To determine the molecular weight of the plasmid encoding bactenocin production, plasmid 

35 DNA from the transconjugants was isolated by the Anderson and McKay method and was run on a 
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0.7% agarose gel. L. laclis MG 1614 was used as a negative control and the plasmid profile of L. 
laais subsp. lactis DRC3 was used as the molecular weight standard. 

Preparation of In cula for Cheese-making Trials: the selected strains were stored at -80°C and 
were sub-cultured once :n LM 1 7 broth. At 30 U C overnight and twice in RSM before use. Bulk 
5 starters were cultivated in 1 0% RSM which had been pre-heated to 90 U C for 30 mm and cooled to 
2 PC before inoculation All the strains were grown separately at 2 1°C for 16 h. mixed in equal 
proportions and inoculated at the lev els shown in Table 2 

Cheesemaking: milk was pasteurised (72 C x 15s) and cooled to 30"C Cheese was made in 
circular jacketed stainless steel 500 I vats. The milk was inoculated with cultures at the levels 

0 summarized in Table 1 Filter- sterilised rennet (Chr. Hansens Laboratories: 3 1ml. diluted in 500 ml 
sterile distilled water) was added 30 mm after addition of the starter and the coagulum was cut 
approximately 40 min later The curds and whey were cooked to 38T and pitched at pH 6 2 The 
cheddared curd was milled at approximately P H5.2. salted at a level of 27g/kg and pressed in 18 kg 
moulds overnight at approximately 412 kPa Cheeses were vacuum packed and ripened for 12 

5 months at 8°C 

Analysis of Cheese: Bacteriological analysis: At intervals, cheeses uere ascptically sampled 
Starter cells were enumerated on LM 1 7 agar for 3 days after incubation at 30X. laciobacilli on LBS 
agar after 5 days at 30"C. entcrococci on Kanamycin acscuhn agar (Oxoidi after 24 h at 37 U C and 
col.form on VRB agar after 24 I, at 30"C. Microbiological analyses were single cs.mut.ons at each 
0 sampling time. 

Gross composition Grated cheese samples (2 weeks old) were analysed for salt. fat. protein and 
moisture The pH was measured on a paste prepared by macerating 1U g of grated cheese in 10 ml 
of distilled water. All values are the average of duplicate analyses 

Proteolysis: Proteolysis of cheese was monitored by measuring the percentage of total nitrogen 
soluble in water at pH 4 6 (WSN) or in 5% phosphotungstic acid (PTA-N) 

Free ammo acids: Free ammo acids were measured in the 12% TCA-soluble fraction of the WSN on 
a Beckman 6300 Amino Acid Analyser. 

Senson Evaluation: Cheeses were assessed for flavour at 3. 6. 9 and 12 months by a senson 
evaluation panel based on a score of 0-8 (0-1 unacceptable. 2-3 poor: 4-5 acceptable: 6-7 good. 8 
excellent). 

Assaying bacteriocin directly in cheese samples.- Bactenocin activity was assayed from cheese 
samples as follows Cheese samples were initially macerated in equal volumes of distilled water in a 
stomacher (Lab-Blender 400) for 15 min and heated to 80 °C for 10 min. Then aliquots of 50 ul 
were dispensed in wells and bacteriocin activity calculated as the difference in area of the zone of 
inhibition (in mm2) and the area of the well (as outlined previously). 

Transfer of pMRCOl into lactococcal starter strains:- Initially a conjugation was set up widi L 

12 



SUBSTITUTE SHEET (RULE 26) 



WO 96/32482 



PCT/EE96/00022 



loclis DPC3 147 (Lac+. Bac- and Streps) as the donor strain and the plasmid-free antibiotic sensitive 
L. laclis MG1363 as the recipient. Both strains were grown from an overnight culture for 4hr at 30 
°C in L/GM 1 7. The conjugation was carried out in a ratio of 20: 1 of recipient to donor. 1 ml of 
recipient (MG 1363) and 50 \x\ of donor (DPC3 147) were centrifuged The donor <Bac+) was 
5 washed with LM 17 broth and resuspended in 50 fil of LM 17 The donor, recipient and mating mix 
were spotted onto non-selective GM 17 agar plates and allowed to dry. Following an overnight 
incubation at 30 °C. the cultures were harvested from the agar plates and resuspended in 500 pi of 
GM17 supplemented with 40% glycerol (for long-term storage at -80 °C) A serial dilution of an 
aliquot of the mating mix was plated onto selective media (LIA containing lacticin 3147) The 

10 conjugation frequency was estimated by dividing the number of transconjugants appearing on the 
selection plates by the number of donor cells Transconjugants were not readily visible in this case 
because the donor Lac+ colonies turn the LIA plate yellow and the Lac- colonies are masked. To 
overcome this problem colonics were picked off at random and spotted onto LIA and observed for 
lactose utilisation The transconiugant resulting from tins mating was used as a Food Grade donor 

15 on further marines with the commercial lactococcal starters These matings were earned out 
similarly to above, but at a ratio if I 1 (with the exception of strain AM2) In these matings 
transconjugants were observed as Lac+ colonies in a Lac- background Putative transconjugants 
were picked from the mating plates and streaked for purity They were tested for lacticin 3147 
production - which is usually an indicator of the success of the mating and plasmid profiles were 

20 prepared to compare the recipient to the transconjugant. 

Phage resistance:- The phage resistance of a culture was determined by comparing the 
transconjugant to the parent strain for resistance to a phage homologous to the parent Plaque 
assays were carried out as follows 0 25 ml of an overnight culture. 0 I ml of 1M CaC12 and 0 1 ml 
of the appropriate phage dilution were added to 3 ml of L/GM 17 sloppy agar (0 7% agar) The 

2 5 contents were mixed, poured onto M 1 7 agar and incubated at 30 °C for 1 8 hr 

Detection of Diacetyl, Citrate and Acetolactate. The assays were conducted on cells grown in 10 
% RSM (+ 0.5 % tryptone) at 2 IX and 30X for 16 hr and 18 hr (respectively) according to the 
methods for detection of diacetyl. citrate and acetolactate as described in Prill & Hammer (1938). 
Marier & Boulet ( 1958) and Jordan & Cogan (1995) respectively Each assay was carried out in 

30 triplicate and the average presented in Table 5. 

Concentration and partial purification of lacticin 3147 for incorporation into teat seals:- TY 
(Tryptone 2.5g/L, Yeast Extract 5g/L, Glucose 10 g/L, b-glycerophosphate 19 g/L, MgS04.7H20 
0.25g/L. MnS04 4H20 0 05 g/L, pH 6.75) broth was prefiltered (15 filter/litre) with HA 
(Millipore) filters to remove proteins in the media which would bind to the filters. L laclis DPC 

35 3 147 was then grown overnight in the filtered TY-broth. The culture was centrifuged at 10.000 rpm 
for 15 minutes and then filtered through HVLP filters (Millipore). The bactenocin was then bound 
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to HA filters (8 filters/ litre) and subsequently harvested from the filters using acetone/ 5mM 
Phosphate-Buffer. pH 7.0 (2: 1 ) The mix was subsequently centnfuged and the acetone removed by 
evaporation The resultant bacteriocin preparation was freeze-dried and dissolved in sterile distilled 
water. This was then assayed as above. To add bacteriocin into die teat seal 17.000 units of the 
5 bacteriocin prepared as above was added to the seal in a sterile petri disc. On mixing, die 

bacteriocin and seal formed an emulsion which was then aseptically transferred to a syringe (Cross 
Vetpharm). 

Effectiveness of lacticin 3147 on Streptococcus dysgalactiae M - 10 ^1 from a overnight culture 
was added to 490 ul of sterile 50 mM phosphate- buffer. pH 7 0 500 ul lacticin 3 147 ( 10.000 
0 AU/ml) was then added and plate counts were earned out after 0. 15. 30. 60. 90 and 120 minutes at 
37"C to assess cell viabiiitv. 

Oral Streptococci:- Four canogenic streptococcal strains isolated from infected patients were 
grown overnight at 30 °C in Brain Heart Infusion broth. These strains were obtained from Dr Ger 
Fitzgerald. University College Cork The relative sensitivity of each of these strains to the 
5 bacteriocin was then determined in comparison to L. laciis HP. 
Results 

A number of lactococci which exhibited antimicrobial activiues were isolated from kefir grains 
Protease sensitivity assays demonstrated that the antimicrobials were bactenocins. since they could 
readily be degraded by proteinase K On die basis of cross-sensitivity assays, these bacteriocin 

> producers could be classified into different groups Strains from the first group. DPC3 147. 

DPC3I53. DPC32I5. DPC3400. DPC3204 and DPC3244 exhibited cross-i.nmunitv indicating that 
they all produced the same or a very similar bacteriocin (see Figure I ) Likewise, sirains from the 
second group. DPC3220 and DPC330) also exhibited cross-immunity to each other, but were 
sensitive to the bactenocin(s) produced by the first group Strain DPC2949 defined a third set of 

' producers which exhibited cross-sensitivity to members of the first group 

Subsequently. L. laciis DPC3 147. L. iaais DPC2949 and L. laais DPC3220 were chosen as 
representatives of each group for further study Initially, these strains were tested for their ability to 
inhibit a wide range of organisms The results of these experiments are given in Table I It can be 
seen that the bactenocin-producers. DPC3 147. DPC2949 and DPC3220 do no inhibit themselves 
but do however inhibit one another. This indicates that the strains are at least distinct from one 
another. To reduce the possibility that they may be previously well characterised 
bacteriocin-producing strains, cross-sensitivity studies were carried out to some well known 
bactenocin-producers which were. L. laciis CNRZ48 1 . the producer of lacticin 48 1 (Piard el. al. . 
1991). L lactis NCD0496 (Figure 1 ) and NCD0497. nism producers, and L. laciis subsp 
cremohs 9B4. the producer of lactococcin A. B and M Each of the bacteriocin-producing strains in 
question inhibit these four previously characterized strains very well, with DPC3 147 being 
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particularly effective against them. In addition, these four strains effectively inhibited DPC3 147. 
DPC2949 and DPC3220. Based on these observations, it thus appeared that none of the strains 
DPC3147. DPC2949 and DPC3220 produced either nisin. lacticin 481 nor lactococcm A. B and M 
Spectrum of Inhibition: The range of organisms inhibited by each of the strains was examined. 
5 Given the extensive application which nisin has found in the food industry, the nisin producer 
NCD0496 was included in this study for comparative purposes. The relative sensitivities of 54 
strains to L. lactis DPC3147. NCD0496. DPC2949 and DPC3220 are presented in Table 1 All 
four producers were very effective in inhibiting other lactococci which included a number of 
cheese-making strains. The range of inhibition exhibited by DPC322U however, appears limited to 

10 lactococci. and as such is described as having a narrow spectrum In contrast, the bactenocm 

produced by DPC3 147 has a very broad spectrum of inhibition which closely resembles that of the 
nisin producer. NCD0496 Without exception, all Gram positive indicator bacteria tested, including 
lactococci. iactobacilli. entcrococci. bacilli. Icuconostocs. pcdiococci. Clostridia, staphylococci ;jid 
streptococci were sensitive to it Notably, the two clostridial strains tested were particularly 

15 sensitive to DPC3 147 Indeed. C sporogenes was so sensitive that the entire overlay was inhibited 
and no actual zone of inhibition could be measured C tyrobutyrtcum was also found to be 
extremely sensitive. The Listeria strains tested, including the pathogenic strain L monocytogenes 
NCTC5348 were also sensitive to bactenocin(s) produced by the DPC3 147 strain Overall, the 
biological activity of the 3 147 bactenocm closely resembled that of nisin Interestingly, u was found 

20 that DPC3 147 was significantly more active than the nisin producer against S fherntophiius HA 
The closely related lactococci were all very sensitive 

In contrast. L. lactis DPC2949 has an intermediate spectrum of inhibition lying somewhere 
between that observed for strains DPC3 147 and DPC3220 Like DPC3220. this strain was effective 
in inhibiting all of the lactococci tested, but in addition, inhibited most of the Lactobacillus and 

25 Leticonostoc species. Thus, its biological activity was quite unlike that of lacticin 48 1 producers 
However, as stated above, the DPC2949 strain and L. laens CNR248 1 exhibited cross-sensitivity 
interestingly, this strain also had slight activity against Escherichia colt and Pseitdontonas 
aeroginosa but it did not show any inhibition against enterococci. Listeria or staphylococci 
Relationship with Nisin: Although the cross -sensitivity studies suggest that DPC3 147 is not a nisin 

30 producer, even though their biological activity appears remarkably similar, a number of experiments 
aimed at probing the relationship between the two bacteriocins were then performed Protease 
sensitivity assays demonstrated that the 3 147 bactenocm is sensitive to trypsin, alpha-chymotrypsin. 
proteinase K and pronase E but not to pepsin (Figure 2). In contrast, nisin is not sensitive to trypsin 
but is degraded by alpha-ch>™otrypsin, pancreatin and subtilopeptidase As expected, catalase had 

35 no effect on the antimicrobial activity of the 3 147 bacteriocin thus eliminating the possibility that the 
antimicrobial activity may be due to hydrogen peroxide. In addition, none of the strains producing 
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lacticm 3 147 were capable of fermenting sucrose This provides additional evidence that this 
bactenocm is not nisin. since the genes encoding nisin {nis A) is linked to genes responsible for 
sucrose catabolism on the nisin-sucrose transposon. Tn5276 (Horn et at.. 1991). Thus, all those 
Nip* (nisin-producing) strains studied to date are in addition Sue" (Sucrose-fermenting). As 

5 expected. L. lactis NCD0496 was found to be Sue" while neither the DPC3220 nor DPC2949 
strains could utilize sucrose as a fermentable substrate In addition, the minimum concentrations 
(MIC) of pure nisin required for inhibition of strains DPC3 147 and NCD0496 were determined. It 
was found that DPC3I47 was inhibited at 100 ug/ml of nisin while NCD0496 was not inhibited 
until 400 ug/ml of nisin was added These differing MIC values of nisin for DPC3 147 and 

0 NCD0496. together with all of the above results all strongly suggest that the DPC3 147 bactenocin 
is distinct from nisin 

Initially, certain strains were investigated for their genetic potential to produce nisin bv the 
polymerase chain reaction (PCR) Using the published sequence of the n.sin structural gene. Dodd 
et al (1990). two primers were synthesized which are complementary to sequences occurring 
5 proximal to the 3' and 5' ends of the n,s A gene These should amplify a PCR product of 1 66 base 
pairs from ms A-containing template DNA Indeed, an amplified product of approximately that size 
was consistently amplified from genomic DNA isolated from the NCD0496 (Figure 3) strain In 
contrast, no amplified product was observed when genomic DNA from DPC3 147. DPC2949 and 
DPC3220 was used The DNA amplified from L Incus 496 representing most of the nis A gene 
) was then used as a gene probe to DNA isolated from lactococcal strains NCD0496. DPC3 147. 
DPC2949 and DPC3220 These DNAs were first digesied with Hind III and electrophorcscd on a 
1% (w/v) agarose gel prior to transfer to a nylon membrane As shown in Figure 4 the nis A gene 
probe hybridised to a 3.5 kb Hind III fragment on the 496 genome In contrast, no hybridizing DNA 
was observed in DNA isolated from strains MG 1 6 14 nor DPC3 147 This suggests that the 
' D3Cte "°c'n produced by DPC3 147 is not a close homologi.e of nisin Given the inhibition spectrum 
of the bactenocin produced by L lactis DPC 3 147 and the results of the experiments discussed above 
demonstrating that it was not nisin. it was concluded that DPC 3 147 produced a novel, 
broad-spectrum bactenocin which was designated lacticm 3 147 

Growth of L. lactis DPC3I47 and production of lacticm 3147 was monitored in GMI7 and 
TYT30 over a 24 hour period As shown in Figure 5 higher cell numbers and bactenocin activitv 
are obtained in GM 1 7. the richer medium In both media, lacticin 3 1 47 is produced during 
exponential phase and peaks during early stationary phase. Subsequently, the bacteriocin activitv 
declines gradually during stationary phase. Production was also determined in a variety of different 
media including MRS, BHI. TYP. RSM and whole milk Activity (mm 2 ) was measured from the 
filtered supernatant of an overnight culture. Production w as found to be greatest in MRS with an 
activity of 170 mnv The activity in RSM and whole milk w as 90% and 73% of that found in MRS 
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This indicates that lacticin 3 147-producing starter cultures could be used to produce lacticin 
3 147-containing dairy products. 

Effect of pH and temperature on bacteriocin stability: The effect of pH and temperature on the 
stability of lacticin 3147 was investigated and results are shown in Figure 6 Three samples of 
5 bactenocin were brought to a pH of 5. 7 and 9 and aliquots of each were subsequently heated to 
60°C. 70°C 80°C. 90°C. 10<TC. HO°C and 121°C for 10 minutes. The activity at each pH prior to 
heat treatment was measured and was taken to be 100% for that pH value From the graphical 
representation in Figure 6. it can be seen that lacticin 3 147 is heat -stable, particularly at an acid pH 
Indeed at pH 5. the bactenocin survives autoclaving at 12 1°C for 10 minutes and. at pH 9. 
0 maintains more than 50% of its activity up to a temperature of 100°C 

This means that lacticin 3 147 has a potential for use in both high-acid and low-acid canned foods 
Low-acid foods (pH4.5) should receive sufficient heat treatment to destroy heat resistant spores of 
pathogenic C botulintum By adding lacticin 3 147 to these foods, it should be possible to reduce the 
extent of heat-processing required, thus resulting in improved flavour, increased nutritional value 
5 and an overall more economical process Such applications may be particularly beneficial for 
products such as canned milk puddings where heat penetration is often a problem Lacticin 3147 
could also be potentially used quite successfully in high-acid foods <pH<4 5). given its acid pH 
optimum Even though, a substantial proportion of lacticin 3 147 is lost on heating to temperatures 
exceeding I00°C. its efficiency as a food preserv ative should not be compromized b\ heat, as 
heat-treated bacterial spores display greater sensitivity to bactcriocins Hence, inhibition of such 
spores would require the same level of active lacticin 3 147 For the reasons stated above lacticin 
3 147 also has a role in meat preservation 

Molecular weight determination: The molecular weight of lacticm 3 147 was estimated bv SDS 
polyacn iamtde gel electrophoresis according to the method of Swank and Munkres (1971) As a 
control, a sample of lactococcm A. which has a molecular weight of 3 kDa was also analvzcd. The 
gel. which was subsequently overlaid with agar seeded with L. lactis indicator strain HP is shown in 
Figure 7 It can be seen that lacticin 3 147 is somewhat smaller than lactococcin A and its molecular 
weight was estimated at 2 8 kDa Molecular weight markers ranging from 2.5 to I 7 kDa were used 
as a standard in the other half of die gel 

Genetic studies: During initial genetic work with lacticin 3 147. it was observed that the 
bacteriocm-producing property was an easily lost trait. Preliminary experiments were attempted to 
establish if bacteriocin production by DPC3 147 was encoded on a conjugally transmissable piece of 
DNA These conjugal matings involved using DPC3147 as the donor strain and die plasmid-free 
strain. L. lactis subsp. lactis MG16I4. which is streptomycin resistant as the recipient. The 
selection of transconjugants from such matings was achieved using the plasmid-encoded bacteriocin 
immunity/resistance determinants as a selectable marker. This involved the incorporation of lacticin 
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3 147 into the selective media. Even when plated at a high cell density (up to 10 s - 10 9 CFU/ml). L 
lactis subsp. lactis MG1614 sensitive cells failed to grow on such media, indicating a very low level 
of spontaneous resistance occurring for this strain to the 3 147 bacteriocin. The incorporation of 
lacticin 3 147 into selective media may thus form the basis for a novel food-grade marker system for 
5 use in genetic manipulation of lactococci In matings involving strains MG16I4 and DPC3 147. 
putative transconjugants (bac ,rnm . strep'), were isolated at a frequency of 10 3 per donor ceil. These 
cells were subsequently found to be lactose deficient and also had acquired the ability to produce 
bactenocin. As expected, these putative transconjugants exhibited cross-immunity to DPC3 147 and 
also, could inhibit a wide range of Gram positive bacteria. Evidence that these actually represented 

10 true transconjugants was obtained on analysing their plasmid complements In all cases, the bac\ 
bac ,mm strep' cells had acquired a 63 kDa plasmid. designated pMRCOl A similar sized plasmid is 
clearly evident in plasmid profiles of the DPC3 147 strain (Figure 8) This indicates that the genetic 
determinants encoding lacticin 3 147 arc encoded on the pMRCOl coniugauve plasmid 
Furthermore, similar numbers of colonics were obtained from the mating when plated on media 

1 5 containing streptomycin and bactcnocm. and when plated on media containing streptoim cm solelv 
Moreover, when these strep r colonies were overlaid with strain MG1614. all were observed to be 
bac*. This would suggest that all those MG16I4 cells which had not received the plasmid during 
mating had been killed off by lacticin 3 147 produced by DPC3147 in the mating mix This would 
negate the requirement for incorporating bacteriocin to select transconjugants in such matings 

20 Mastitis:- Since lacticin 3 147 was shown to be effective in inhibiting S aureus ATCC25923 and S 
thermophilus HA and ST1 12 (Table I), a separate study was initiated to investigate its ability to 
inhibit a variety of clinical isolates obtained from mastitic animals. These virulent bacteria were 
obtained from the Deparment of Dairy Husbandry. Teagasc. Moorcpark. Fcrmoy. Co Cork In all 
six streptococci and ten staphylococci were tested. DPC3 147 was most effective against these 

25 pathogenic strains, as shown in Table 3 All the streptococci, except i'. dysgalocime strain M were 
quite sensitive to it as were all the staphylococci, except strain 12. A similar outcome was seen \\ ith 
NCD0496. although in some cases DPC3 147 is slightly more successful against the streptococci 
DPC3220 does not display any activity against either the streptococci or the staphylococci 
In general the streptococcal strains were more sensitive to DPC3 147 than the staphylococcal 

30 strains whereas the reverse is true for the nisin producers NCD0496 and NCD0497 This suggests 
that it would be particularly effective to use lacticin 3 147 in combination with another bacteriocin 
such as rusin. as a mastitis treatment. In such a situation it is much less likely that the infecting 
organisms would develop resistance to both bactenocins. Clearly, the use of bactenocins in the 
treatment of mastitis may mean that milk would not have to be withheld as would be the case w ith an 

35 antibiotic-based treatment. 

Phage Resistance: - The conjugal plasmid. pMRCOl. also conferred an increased level of phage 
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resistance to L. iactis subsp. iaciis MG16I4 In contrast to the MG16I4 parent, transconiugants 
containing die plasmid exhibited total resistance to the smatl isometric-headed phage 712. In 
addition, the burst size of prolate headed phage c2 appeared drastically reduced (as evidenced by 
pinpoint plaques). Further studies demonstrated that the resistance mechanism encoded by the 
5 pMRCO 1 plasmid did not effect the ability of phage to adsorb to the cells, nor did it appear to 
inhibit phage DNA replication once the infecting phage DNA was internalised inside the host 
Consequently, the life cycle of the phage was inhibited at some point after phage DNA replication 
had occurred This potent phage resistance mechanism was thus assumed to be an abortive infection- 
tor Abi) mechanism 

10 In lactococci catabolism of lactose is usually plasmid-linked. Therefore, the plasmid-free strain L. 
iactis subsp. lacus MGI614 cannot ferment lactose. Since MG1614 transconiugants containing the 
multifunctional pMRCOl are also lac deficient, this would suggest that the genes necessary for 
lactose catabolism are not encoded by pMRCOl plasmid MG1614 containing pMRCOl was then 
mated with a lactococcal cheese starter strain HP Putative transconiugants were selected from such 

15 matings based on their ability to ferment lactose and become resistant to lacticm 3 147 These lac" 
cells also now produced lacticm 3 147 and had also become totally resistant to phage which normally 
infect the HP strain Examination of the plasmid complements of these strains revealed that the} 
had acquired an extra plasmid of 63 kb. the size of pMRCOl This demonstrates that bactcriocin 
linked phage resistance may prove to be a very efficient method in the improvement of commercial 

20 cheese starters 

These results indicate that lacticin 3 147 producers may actually be used as cheese starter strains 
rather than adding a bactenocm preparation as w ith nisin The pnmnrv advantage of this is that b\ 
directly adding the producing strain, food additive legislation may be overcome as there is no -r 
rtstnction on the use of the strain itself 

25 Cheese-Making Trials:- Problems associated with nisin producing starters include such 

undesirable cliaractenstics as an inability to produce sufficient acid for clieescmakmg. that thev are 
usually proteinase deficient and also that they are phage sensitive As outlined above the latter 
characteristics are not associated with lacticm 3147 producers since bactenocm functions and phage 
resistance are linked on pMRCO 1 To test the ability of such strains to act as cheese starters two 

30 separate cheese trials were performed. In the first, three strains were used, one of which was strain 
DPC3147 The other two. DPC3204 and 3256 are also kefir isolates, both of which exhibit 
crossimmunity with DPC3 147 Consequently, these are lacticin 3 147 producers as well. As 
illustrated in Figure 9. these strains produced acid much like the fast acid commercial strain 303 
during cheesemaking Thus it can be concluded that with regard to acid production these strains 

35 make acceptable starters During cheddar cheese ripening non-starter lactic acid bacteria (NSLAB) 
can reach levels exceeding 10 7 cfu/g. Since these can be mainly lactobacilli. it was important to 
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investigate their growth or otiienvise in cheese made with lacticin 3 147 producers (remembering that 
lacticin 3 147 inhibits all lactobacilli tested). As shown in Figure 10. no NSLABs were detected in 
cheese made with the bactenocin-producing strains even after six months (the average duration of 
cheddar ripening). In contrast, NSLABs had reached levels of 10 75 cfu/g after approximately 4 
5 months in controls produced without the bactenocin. In the second cheese trial, a transconjugant of 
strain 303 which produces lacticin 3 147 was used as a starter with 303 again as the control strain. 
The results shown m Figure 1 1 again demonstrate that the 303 transconjugant performed 
satisfactorily as a starter dunng cheese manufacture In addition the NSLAB levels appearing in the 
cheese made in this trial (Figure 12) were significantly lower (in excess of 100-fold) than in the 

10 control cheese Sensory analyses subsequently demonstrated that there were no major differences in 
flavour and aroma between the two cheeses 

NSLAB which are found in ripening cheeses may contribute to the flavour of the cheese It would 
be possible to use lacticin 3 147 or a commercial starter strain producing it to control the enure 
microbial population of a cheese, thus allowing the flavour of a cheese to be designed 

15 Lacticin 3 147 was found to be particularly active against Clostridia tyrobutyncum and C 

sporogenes It is well established that the outgrowth of milk-contaminating anaerobic spore-formers 
such as C lyroburyncum and C. butyncum is primarily responsible for the problem of late-gas 
blowing in some cheeses i.e. the formation of hydrogen gases and carbon dioxide during ripening 
resulting in the development of large holes. These bacteria convert lactic acid into butyric acid 

20 giving rise to off-flavours and aromas Thus, lacticin 3 147 also has a use in such products given its 
potency against clostridial strains. 

The introduction of this genetic material into lactococcal industrial strains introduces complications 
regarding the availability of food-grade selection markers, and the possibility of the loss of 
industrially important plasmid-cncoded functions such as lactose fermentation, proteolytic aciivitv. 

25 bacteriophage resistance and citrate utilization. In this regard lacticin 3147 production and 

immunity may be incorporated as a desirable phenotype of some industrial starter cultures used in 
many commercial applications The results described here demonstrate that incorporation of this 
bactenocin as a selectable marker into the media itself can form the basis for a novel selectable 
system. The gene(s) encoding immunity to lacticin 3 147 can be linked to desirable traits on plasmids 

30 and transconjugants containing these plasmids would then selectively grow on bactenocin-producing 
media. It has been observed that the level of spontaneous resistance to lacticin 3147 by some 
commercial cheese making strains is very low and additionally, plasmid maintenance by 
pMRCO I -containing strains would be assured in fermentations since cells which lose the plasmid 
would be killed by the lacticin 3 147 produced, bodi properties which are required for an effective 

35 selectable system. This is a significant advantage as most selectable markers to date are not of 

food-grade quality. Indeed, most are actually antibiotics which cannot be used because of the danger 
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of the occurrence of antibiotic resistant strains of clinical importance. 

Strain DPC2949: The biological activity exhibited by L, lactis DPC2949 was quite similar to that * 
of the previously characterized L. lactis CNRZ48 1 in that common sensitive strains include 
lactococci. Clostridium ryrobufyricum. Leuconostoc and some, but not all lactobacilli In addition. 
5 Bacillus substilis, Enterococcus faecalis. Listeria innocua and L monocytogenes were not 

inhibited by either bacteriocin producer. However, cross-sensitivity studies indicated that they were 
actually different since both inhibited each other. Unexpectedly. DPC2949 gave slight inhibition of 
the two Gram negative strains Escherichia colt and Pseudomonas aeroginosa Strain DPC2949 
thus produces an intermediate spectrum bacteriocin which has applications such as the prevention of 
1 0 late gas-blowing in Cheddar cheese. It could also be applied to the control of non-starter lactic acid 
bactena (NSLABs) and consequently, to assess their effect on Cheddar cheese quality which still 
remains to be established 

Cheese-Making Trials - As stated previously . cheese made with Iacticin3 147-producing starters 
had significantly less non-starter lactic acidbactena (NSLABs) in them when compared to 

IS corresponding cheeses made with a commercial starter Since then we have assayed the bacteriocin 
in these cheeses In Cheese trial I the presence of lacticin 3 147 in take test cheese was confirmed 
(using L lactis AM2 as die indicator strain) at a level of approximately 1.280 AU/inl w hich 
remained constant in the cheese over the 28-week ripening period (Fig 1 3 A) In contrast, no anti- 
microbial activity was detected in the control cheese Similarly, the amount of bacteriocin detected 

20 in cheese in trial 2 was approximately 1.280 AU/ml which also remained constant over the ripening 
period (Fig 13B) Thus the level of bacteriocin observed in the cheese corresponds to the number of 
NSLABs which occur in the cheese during ripening 

Genetic studies - To evaluate the potential usefulness of the lacticin 3 147-encodmu plasnud * 
(pMRCOl) for starter strain improvement it was transferred into a variety of lactococcal strains 

25 including those currently used for Cheddar cheese and lactic butter manufacture These transfers 
were performed in a Food Grade manner via conjugations (bacterial matmgs) after which the ncwh 
modified strains were selected based on their immunity to the bacteriocin Such matmgs first 
necessitated the construction of a Food Grade donor strain for the plasmid which is sensitive io 
antibiotics. Depending on the starter recipient used one of three possible results for each of the 

30 matings was recorded. In the first, starters were isolated which had improved phage resistance 

properties and produced (and were resistant to) bacteriocin (Table 4) Genetic analyses confirmed 
that they had received die pMRCOl plasmid which could efficiently be mated back out of the strain 
These strains retained their commercially important characteristics for example ability to produce 
acid (for cheese starters) and/or diacetyl (for lactic butter production. Table 2) In addition, the 

35 plasmid appeared stable in these strains and was maintained over a number of successive 

subcultures One such strain was subsequently used for pilot-scale Cheddar cheese manufacture 
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Another result of these conjugations was the identification of strains which produced the bacteriocin 
but had not improved phage resistance. Genetic analysis of one such strain demonstrated that such a • 
phenotype was associated with plasmid co-integration in this strain. Lastly, a number of strains were 
found to be recalcitrant to the pMRCOl plasmid. One possible explanation for this observation is 
5 that the plasmid maybe incompatible with a resident plasmid of the strain (e.g. pMRCO I was found 
to be incompatible with the lactococcal plasmid pNP40 in this study). 

The overall significance of the results of these matings can be summarized as follows: I ) The 
genetic determmant(s) encoding immunity to lacticin 3 147 is very useful as a food grade selectable 
marker for starter strain improvement The lactococcal strains tested in this study proved vcrv 

10 sensitive to the bacteriocin incorporated in solid media unless they had received the bacteriocin 

genes. Indeed, die bacteriocin is as convenient to use as conventional antibiotics for such studies. 2) 
A number of new starter strains have now been generated using the bacteriocin. Manv of these have 
also been improved with regard to their phage resistance Importantly all these new strains now 
produce the bacteriocin and may be used as starters for products where the bacteriocin might impart 

15 a desirable effect. Examples include reduction of NSLAB numbers in cheese products or 
elimination of undesirable bacteria from some fermented meat and fish products 
Mastitis:- As a result of the grow ing concern over the use of antibiotics for the treatment and 
prevention of disease in animals the potential of using lacticin 3 147 in the prevention of bovine 
mastitis was investigated. To achieve this the bacteriocin was incorporated into teat seals 

20 preparations. These seals are manufactured by Cross Vetphann (Broomhill Road. Tallaght. Dublin 
24. Ireland) and act as a physical barrier in the cow against infection The bacteriocin provides an 
additional anti-microbial barrier over the physical one provided by the seal itself Incorporation of 
the bacteriocin into die teat seals first required the preparation of the bacteriocin in a highlv 
concentratcd and semi-purified form. The anti-nncrobial effectiveness of lacticin 3 147 in the 

25 environment of the seal required the addition of either Twecn 20 or 80 in concentrations of 2% 

(Figure 14A). Where the detergent was not present negligible bacteriocin activity was recorded in 
the treated seals Having successfully prepared effective bactcnocin-contaimng teat seals a number 
of animal trials were dien performed. These involved exposure of the modified seals to the animal 
for different time periods after which die seals were removed. Overall such studies have 

30 demonstrated that the animals tolerated the bacteriocin-containing seals as evidenced by low 

associated somatic cell counts In addition, seals extracted from the animal were later shown to 
retain bacteriocin activity. Since lacticin 3 147 was found to inhibit a range of mastitic streptococci 
its effectiveness on Streptococcus dysgaiactiae M, a strain previously isolated from an infected 
animal, was studied. Addition of the bacteriocin ( 10.240 AU/ml) to stationary phase cells of this 

35 strain resulted in a 99.99 % kill in just 2 hours (Fig. 14B). Other aspects of this study focused on 
the frequency at which a mastitic strain can develop resistance to lacticin 3 147 since this could limit 
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its practical usefulness as an effective antimicrobial under certain conditions However, only 
0 003% bacterial cells of the M strain developed increased tolerance to the bacteriocm after 
prolonged exposure. 

Inhibition of Oral Streptococci - A number of oral streptococci have also been tested for sensitivity 
to lacticin 3 147 to investigate the use of the bacteriocm in such applications as mouth washes, dental 
products etc. The strains tested included four canogenic streptococci isolated from infected patients 
All four strains tested proved sensitive to die bacteriocm { 12.5% as sensitive as L. lactis HP) 
Importantly, fermented dairy products manufactured with lacticin 3 147-producing starters may 
therefore have additional anti-canoeenic characteristics 
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Table 1 Inhibition Spectrum of Lactococcus lactis DPC3 147. L lactis NCD0496 and L lactis 
DPC3220. fNo Zone (NZ); 0 to I mm (-): 1 to 5 mm (+); 5 to 15 mm (++); 15 mm over <+■++)] 

Strain Medium Sensitivity Source 

5 DPC NCDO DPC DPC 

3»47 496 2949 3220 



A cetobaaer acetii UB 1 
A cetobaaer suboxydons \J B 1 

1 0 Bacillus cereus ATCC9 139 GM 1 7 2 

Bacillus subtilis BD630 TYP 2 

Clostridium sporogenes NCFB 1 79 1 RCM J 
Clostridium tyroburyricum NCFB 1 755 RCM 5 

Enterococcus faecium NCD0942 GM 1 7 : 
15 Enterococcus faecalis 

NCDO610 GM17 2 

I0CI GM17 2 

NCD058I GM17 2 

Lactobacillus acidophilus ATCC4356 MRS 2 * 

20 Lactobacillus bulgaricus ATCC 1 J 842 MRS 4 * 

Lactobacillus casei ATCC334 MRS 2 

Lactobacillus curvatus CNRZI 17 MRS 2 

Lactobacillus fermenticum ATCC9338 MRS 2 " 
Lactobacillus helve ticus 

25 NCD0257 MRS 2 * 

NCDO1209 MRS 2 * 

NCDO 1244 MRS 2 * 

ATCC 1 5009 MRS 2 

Lactobacillus kefir NCFB273 7 MRS 5 
30 Lactobacillus leichmanii 

NCD0299 MRS 2 * 

NCDO302 MRS 2 * 

Lactobacillus reuteri DSM200 1 6 MRS 2 

Lactobacillus sake NCFB27 1 4 MRS 3 * 
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NCD0496 (nisin producer) GM17 1 

NCD0497 (nisin producer) GM 1 7 3 

DPC2949 GM17 J 

DPC3220 GM17' 

5 DPC33(1) GM17 3 

AM2 GM17 5 

CNRZ481 GMI7 3 

303 GM17 1 

HP GM17 3 

10 9B4 GM17 5 

938 GM17 1 

DPC147 GM17' 

DPC712 GMI7 S 

SK11G GM17 ; 

IS 290P GM17 ; 

DRC3 GMI7 ; 

Leuconosioc CNRZI091 MRS" 

Listeria mnocua BD86/26 GM 17* 
Listeria monocytogenes NCTC5348 GM 1 7 : 
20 Pediococciis pentriceans 

NCD0992 GMI7 3 

NCDOI850 GM17 3 

Pediococciis pentosaceus FBB63 G M 1 7 ; 
Staphlococcus aureus ATCC25923 TYP J 
25 Streptococcus thermophilic 

HA GMI7 J 

ST112 GM17 4 

Salmonella typhi TSA 2 

Escherchta colt GM I 7 3 

3 0 Pseudomonas aeroginosa GM 1 7 1 



PCT/IE96/00022 



NZ -M- -M- NCDO 
+++ NZ ++ NCDO 

+++ + NZ NZ DPC 

+++ + ++ NZ DPC 

+ NZ NZ DPC 

+++ +++ +■+ dpc 

+++ +++ ++ +++ CNRZ 
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Temperature of Incubation: l 2l°C\ 2 37°C; 3 
* Anaerobic conditions 
35 DPC3 147 produces lacticin 3 147; NCD0496 
with a narrow spectrum of inhibition 



30°C; 4 42°C. 

produces nisin; DPC3220 produces a bacteriocin 
25 
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Table 2. Strains and levels of inocula used in cheesemaking 



10 



Vat 

r 

2' 



l 6 
2 b 



DPC number 

303 
3147 
3204 
3256 

303 

303 (pMRC01) Ireland 



Country of origin 



Ireland 
Ireland 
Ireland 



Source 

Chr. Hansens Lab. 
Kefir 
Kefir 
Kefir 

Chr. Hansens Lab. 
DPC 



Inoculation rate (v/v%) 
1 

0 7 
0 7 
0.7 
1 
I 



Trial 1 : Trial 2 



Table 3. Sensitivity of mastitic strains of Streptococci and Staphylococci to Lacwcoccus 
DPC3 147. L. lactis NCD0496 and L. iactis DPC3220. [No Zone fNZ): 0 to 1 mm (-); 1 
(+); 5 to 15 mm <++); 15 mm over <•+-++)) 



lactis 
to 5 mm 





Strain 


Medium 






Sensitivitv 






IS 
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497 
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+ 


-M- 


NZ 


NZ 




Streptococcus agalactiae (P) 
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+ 


NZ 


NZ 


20 
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DPC3147 produces lacticin 3147; NCD0496 produces nisin; DPC3220 produces a bacteriocin 
3 5 with a narrow spectrum of inhibition. 
Temperature of Incubation = 37°C. 

26 



.9632482A1JU* 



SUBSTITUTE SHEET (RULE 26) 



WO 96/32482 




PCT/EE96/00022 



Table 4~ Conjugation results for mating pMRCOl into a variety of 
Lactococcxis lactis starter recipients. 



20 



L. lactis 


Transfer 


Mating 


Improved 


Mating 


Recipient 


pMRCOl 


frequency 


phage 


back out* 






(per donor) 


resistance 




DPC4268 




2.3 X 10- } 






DPC4272 


+ 


1.06 X 10' 5 




+ 


DPC4273 


+ 


1.03 X 10 u 






DPC4274 


+ 


4.0 X10- 5 




+ 


DPC 220 


+ 


5.4 X 10 -4 




+ 


DPC429 


+ 


1.7 X10" 1 






HP 


+ 


6.0 X10- 6 


+ 




712 


+ 


1.0 X10' 5 


+ 


+ 


ML8 


+ 


5.5 X 10 u 


+ 




077 




1.1 X10 5 






007 


+ 


1.3 X10- 7 


7 





Transconjugants tested exhibit similar acid production to the parents 



and all were lactic in 3147 producing. 

* Mating of transconjugant with L. lactis MG1614. 
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30 Table 5 Diacetyl and acetolactate production by 
L. lactis DPC220 and L. lactis DPC220 containing 
pMRCOl (220 TcA). 
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Culture 


Diacetyl 


Acectolactate 




Production 


Production 






(mM ± SD) 


(mM ± SD) 




DPC220 


0.218 ± 0.001 


3.237 ± 0.04 


40 


220 TcA 


0.235 ± 0.017 


3.616 ± 0.283 



Citrate utilisation = 100 % for all the test cultures. 
10% RSM + 0.5% tryptone at 30°C. 
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CLAIMS 

1 . A bacteriocin designated lacticin 3 147 characterised by 
a molecular weight of approximately 2 .8 kDa. 

inhibiting activity against lactococci, lactobacilli. enterococci. bacilli, leuconostocs. pediococci. 
Clostridia, staphylococci and streptococci. 

sensitivity to the proteases trypsin, alpha-chymotrypsin. proteinase K and pronase E but not 

pepsin. 

heat-stability. 

activity at acid pH. 

and the capability of inhibiting nism-producing bacterial strains 

2. L. lac/is DPC3 147 strain as deposited at the National Collection of Industrial and Marine 
Bacteria. Aberdeen. Scotland, on 1 1th April 1995 under the Accession No NCIMB 40716 and 
strains substantially similar thereto also encoding iacticin 3147 production 

3 A 63 kDa plasmid encoding a bacteriocin as defined in Claim 1 

4 The plasmid pMRCOl which encodes the bacteriocin designated lacticin 3 147. lacticin 3147 
immunity gene(s) and phage resistance genes as deposited at the National Collection of Industrial 
and Marine Bacteria. Aberdeen. Scotland, on 1 1th April 1995 under the Accession No NCIMB 
40716 and plasmids substantially similar thereto also encoding bacteriocin 3 147 production 

5 Isolated gene(s) for the production of lacticin 3 147 as deposited in the plasmid pMRCOl as 
deposited in the National Collection of Industrial and Marine Bacteria. Aberdeen. Scotland on 1 1th 
April 1995 under the Accession Number NCIMB 40716 and genes substantial^ similar thereto 
also encoding lacticm 3 147 production 

6 Isolated gene(s) encoding immunity to lacticin 3 147 as deposited in the plasmid pMRCO I as 
deposited in the National Collection of Industrial and Marine Bacteria. Aberdeen. Scotland on I Ith 
April 1995 under the Accession Number NCIMB 40716. and genes substantially similar thereto 
also encoding lacticin 3 147 immunity 

7 Phage resistance gene(s). encoded by the plasmid pMRCO 1. as deposited at the National 
Collection of Industrial and Marine Bacteria. Aberdeen. Scotland, on 1 Ith April 1995 under the 
Accession No. NCIMB 407 16. and genes substantially similar thereto also encoding phage 
resistance gene(s), particularly gene(s) encoding total resistance to the small isometric-headed 
phage 712 and burst size limitation for the prolate-headed phage c2. 

8 A host cell comprising a plasmid as claimed in claim 3. or 4 or genes as claimed in claims 5.6 
or 7 

9 Hie use of lacticin 3 147 as claimed in claim 1 or a lacticin 3 147 producing host as claimed in 
claim 2 or 8 selected from uses in the treatment of mastitis in cattle, to prevent clostridial spoilage 
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in cheese, as a food preservative in pasteurised cheeses and cheese spreads, as a shelf-life extender 
in milk and milk products, in the production of alcoholic beverages, particularly in the brewing 
industry, in vegetable fermentations, by incorporation into canned foods and in meat preservation, 
in incorporation into oral healthcare products such as toothpaste and mouthwashes, in cosmetic 
5 treatments for acne, and against Gram negative bacteria which have been treated with chelating 
agents. 

10. Use of a plasmid as claimed in claim 3 or 4 or a gene(s) as claimed in claim 5 encoding the 

lacticm 3 J 47 bactenocin to confer bactenocin producing properties on a host such as a bacterium. 

particularly a cheese-starter culture. 
10 II. A method of producing lacticin 3 147 comprising culturing a host cell as claimed in claim 2 or 

8 containing lacticin 3 147-encoding gene(s) and isolating lacticin 3147 from the culture. 

12. A method of conferring lacticin 3 147-producing properties on a host such as a bacterium. 

comprising introducing and expressing in the host a plasmid as claimed in claim 3 or 4 or gene(s) 

as claimed in claim 5 encoding lacticin 3147. 
15 13. A food-grade genetic marker system comprising genes for immunity to lacticin 3 147 as 

claimed in claim 6 as encoded by plasmid pMRCOl. characterised in that the genetic determinants 

which encode lacticin 3 147 immunity arc introduced into a bacterial strain together with any 

desirable gcne(s) which have been linked to them 

14 A method of conferring phage resistance on a host cell and particularly a cheese starter 
20 culture, comprising introducing and expressing therein a plasmid as claimed in claim 4 or gene(s) 
as claimed in claim 7 encoding phage resistance 

15. L. locus strain DPC2949 as deposited at the National Collection of Industrial and Marine 
Bacteria. Aberdeen. Scotland on 1 Ith April 1995 under the Accession No NC1MB 40715. and 
strains substantially similar thereto also encoding a bactenocin 
25 16 The isolated bactenocin-encoding gcne(s) of L. lactis strain DPC2949 as claimed in claim 15 
17. The bactenocin produced by L lactts strain DPC2949 as claimed in claim 15 

18 A host cell comprising genes as claimed in claim 16 

19 A method of preventing late gas-blowing in Cheddar cheese production comprising either the 
addition of L. lactis DPC2949 as claimed in claim 18 or the bactenocin as claimed in claim 16 or 

30 the host cell as claimed in claim 1 8 to the initial cheese starter culture 

20 A method of controlling non-starter lactic and bacteria in Cheddar cheese production 
comprising either the addition of L. lactis DPC2949 as claimed in claim 18 or the bactenocin as 
claimed in claim 16 or the host ceil as claimed in claim 18 to the initial cheese starter culture. 
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Figure 5 Growth of L. lactis DPC3147 in GM17 ( -— o— ) 
TYT30 ( — a — ). Production of lacticin 3147 is indicated as 
follows; E3, GM17; m , TYT30. 
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Figure 6 Effect of heating at 60 °C to 121 °C for 10 minutes on 
the stability of lacticin3147 atpH5 ( — □ — ), pH 7 ( — o — ), 
pH 9 (— -o-~- ) v 100% activity is that activity at pH 5, 7 and 9 with 
no heating. 
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Fig. 10 Growth of starter (open symbols) and NSLAB (closed symbols) durino 
ripening of cheddar cheese. Control («,,.); Kefir isolates (o,.). 
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Fig. 12 Growth of starter (open symbols) and NSLAB (closed symbols) 
during ripening. Control 303 303(pMRC 01) {^^). 
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